A new magnetic cataclysmic variable RE 0751+14 is proposed as an object for the WET campaign in February 1996.
Introduction
Object Classification Coordinates RA (2000) Dec ( RE 0751+14 is a new magnetic cataclysmic variable discovered during a program of optical identification of extreme ultraviolet sources from the ROSAT wide field camera all sky survey (Mason et al. 1992) . It has been classified as an intermediate polar, although it exhibits some exceptional properties which are more akin to polars. The object has been studied in X-ray, infrared and optical bands. Most of the above observations have resulted in detection of a 13.9 min period. This periodicity is attributed to the rotation period of the white dwarf in the system. The presence of an additional synodic period around 14.5 minutes which implies an orbital period of 5-6 h, leads to the classification of this system as an intermediate polar (IP) . The IPs contain an asynchronously rotating magnetic white dwarf which accretes matter, possibly via an accretion disc, from a low mass companion which overflows its Roche lobe.
Scientific background
Multiwavelength observations of this object have been carried out by a number of observers, and we list below the properties of this system in different wavelength bands.
X-ray photometry
RE 0751+14 was discovered using the wide field camera on board of the ROSAT space satellite. Later on it was observed by the ROS AT and GING A spacecrafts in the energy ranges 0.1-2 keV and 2-18 keV, respectively (Duck et al. 1994) . A 13.9 min period is evident at all X-ray energies, with about 80 % modulation at lower energies. Whereas the 0.1-0.5 keV pulse profile exhibits a single peak (with fast rise and slow decay), the profiles in the energy range of 2-10 keV are double-peaked with the second peak appearing at a phase of 0.8. At higher energies of 10-18 keV, the double-peaked structure is not strikingly evident. Hence, though the periodicity exhibited is 13.9 min at all X-ray energies, the pulse structure and amplitude are highly energy-dependent.
In addition, a dip in the X-ray flux is seen at all energies almost at zero phase, just before the rise to maximum. The depth and width of this dip are again energy-dependent. This could indicate a physical feature (e.g. absorbing material in an accretion stream), appearing in the system at a phase of about 50 degrees before the X-ray emission region. An ephemeris for the 13.9 min period has been derived using both the ROSAT and the GINGA data. Long term variations are indicated in the observed data sets but the data coverage is not sufficient to confirm any longer periods.
X-ray spectroscopy
These data have also been obtained using the instruments on the ROSAT and GINGA satellites. The X-ray spectrum of RE 0751+14 is unique: it exhibits a soft excess component between 0.1-0.6 keV.
The spectrum in the energy range 0.1-2 keV has been fitted with a combination of a black body and the power law spectra. The soft component corresponds to a black body temperature of 23-58 eV. The data from 2-18 keV from GINGA are best fitted with an iron line at 6.65 keV superposed on a bremsstrahlung model with a temperature of 20 keV at high energies.
The detection of RE 0751+14 in the EUV survey, the presence of a soft X-ray component in its spectrum, the 6.65 keV Fe line are all properties common to the AM Herculis stars (polars). However, the likelihood of the presence of long term variations in conjunction with optical observations (see below) seems to indicate that it is an intermediate polar.
Optical photometry
Extensive photometry has been carried out in U, Β, V, R and I passbands (Mason et al. 1992 , Rosen et al. 1993 , Hellier et al. 1994 . The Fourier transforms of the R and I passband data indicate the 13.9 min pulsation period with a higher amplitude peak at its first harmonic (6.95 min), especially in the I passband. On folding the I band light curve with a period of 13.9 min, the pulse profile exhibits a clear double peaked structure. Photometry in the U, B, V passbands does not always indicate the same coherent periods.
The U passband Fourier transform shows peaks at 13.9 min and 14.5 min. In the Β passband a period around 14.5 min (varying from 14.5 to 15.2 min in different runs) is almost always present but the 13.9 min period is absent in a few observing runs (Rosen et al. 1993) . The V passband photometry also seems to indicate the presence of the 13.9 min and/or the 14.5 min period but of much lower amplitude. Recent data of Hellier et al. show the presence of the 14.5 and 13.9 min periods in the U, Β and V passbands and also the harmonic of the 14.5 min period.
We have conducted single site photometric observations in the U, Β, Vfilters and white light during 1993-95 (Ashoka et al. 1994 ). The 13.9 min period was detected in all our data sets. Additionally, evidence for a possible period around 15 min is seen in our U filter data set.
The 14.5 min period (Rosen et al. 1993 , Hellier et al. 1994 ) is attributed to the beat period between the yet poorly established orbital period and the rotation period of 13.9 min. This would imply that the orbital period should lie around 5-6 h. Though long term variations are seen in all light curves, the presence of the above orbital period has not been established so far.
2-4• Optical spectroscopy
The V/R ratio using CCD spectroscopic data (Rosen et al. 1993) was computed and subjected to a Fourier transform analysis. The results show the presence of a 13.9 min period. However, the detection of a 5-6 h orbital period has not been conclusive.
Optical polarimetri/
No significant polarization effects are seen in U, Β and V passbands. However, the light in the R passband is polarized and the percentage polarization is modulated at 13.9 min period (Rosen et al. 1993) . Circular polarization measurements in the R and I passbands, in addition to exhibiting the modulation at a period of 13.9 min, are indicative of a strong magnetic field in the range of 8-18 MG (Piirola et al. 1993) . Such a strong magnetic field tends to place this object among polars rather than intermediate polars.
Some explanations and some problems
RE 0751+14 seems to be a unique IP sharing many of its properties with polars. (If the system were a polar, the white dwarf has to rotate synchronously with the binary orbit. The identified rotation period of 13.9 min is, however, too short to be also the orbital period). With our present understanding, the system appears to consist of a white dwarf with a fairly strong magnetic field (8-18 MG) and spinning with a period of 13.9 min. The rotational modulation and the dip feature seen just before maximum in X-rays, seem to indicate that both the processes, namely, the occultation of the emission region and the absorption in the accretion curtain, are operating in this system (Duck et al. 1994) .
The color dependence of the optical pulse period and its profile is a phenomenon unique to this system. The presence of a double peaked profile in the R and I passbands is a feature similar to AM Her type stars. This can be due to visibility of both poles in these bands. However, spectroscopic results with only one visible line formation region seem to indicate that the system is a single pole accretor. The double peaked appearance of the pulse profile in the R and I passbands can be interpreted as due to the changing cyclotron beaming pattern seen by the observer as the magnetic pole rotates around the spin axis of the white dwarf. This is another property similar to polars.
The presence of the synodic period around 14.5 min, however, leads to the identification of this object as an IP, with an orbital period of 5-6 h. In addition, the absence of the beat period in X-rays and the likelihood of the orbital period in the bracket of 5-6 h can be taken as pointers for partial accretion through the disc, despite the presence of strong magnetic field on the white dwarf (Duck et al. 1994 ).
All the above properties put together make this object an enigmatic binary system. It is quite possible that RE 0751+14 is the progenitor of a polar system and hence is a very important object in the evolutionary scenario of polars. Therefore we propose that RE 0751+14 be included for a WET run as soon as possible, preferably in February 1996.
Justification for a WET run
(1). The presence of the synodic period and rotation period in the U, Β and V light curves is not consistent with all data sets presented in literature (Rosen et al. 1993 , Hellier et al. 1994 ). This could be either due to data stretches not being of sufficient length or due to interruptions due to bad weather. It could also be that the system inherently has timescales over which the synodic period and/or rotation period does not appear in the optical light curves. It is therefore necessary to have long-term observations to establish the presence of these periods. Variability of amplitudes, if established, could indicate changes in the structure of the accretion disc. Study of this variability can be helpful as a diagnostic for determination of the orientation and gross structure of the system (Warner 1986 ). (2). The exact value of the synodic period has not been determined perhaps due to the presence of the nearby 13.9 min period and aliases due to data gaps. The period has been reported to be in the range 14.5 min and 15.2 min in various references. A WET run would help to resolve unambiguously the correct value of the synodic period. (3). A good optical pulse profile is to be constructed using long data stretch. Its shape and structure can then be compared with the X-ray pulse profile to confirm the mechanism of X-ray and optical modulations in the system. (4). Though the presence of long term variations is seen in light curves of all wavelengths, no long periods have so far been identified. This aspect can be best studied only with a WET run. (5). The orbital period which should lie in the range of 5-6 h, has not yet been observed conclusively. A long WET run is likely to resolve this problem. (6). After an accurate measurement of the 13.9 min period is carried out using the long term WET data, the single site data sets can be combined to provide an ephemeris to give a handle on the dP/dt. This could be used independently to estimate the strength of the magnetic field and confirm the value derived from polarization measurements. Further, the evolution of the phase of the spin period as a function of the orbital phase and its correlation with respect to the X-ray phase may be rewarding. (7). A long stretch of data is also needed to search for optical flares in the system, analogous to the X-ray flares (Duck et al. 1994) . If detected, the correlation between the amplitude of an optical flare and the time intervals between flares can be used as a possible test for "gated accretion" (Van Paradijs et al. 1989 ) in this system. For the WET run, we propose tentatively that the observations be conducted in Β filter with 10 second integrations. Although a simultaneous UBVRI photometry is ideally suited for this object, we have not proposed this type of observations because most photometers in the WET sites are not equipped for this.
Conclusion
RE 0751+14 is an intriguing object with properties of both IPs and polars is a system which will be studied extensively in the future. The WET run would establish a good foundation for the interpretation of some of its observed properties. The object may be one piece which may fit very neatly in the jig-saw puzzle of evolution of polars from intermediate polars as progenitors.
